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Specification 

1. Title of the Invention 



Bone replacement filler material 



2. Range of Patent Claims 

(1) A bone replacement filler material characterized by a spherical or polyhedral shape and 
made from sintered calcium phosphate for use as a bone replacement filler material in 
replacing portions of bone that are missing following the removal of a bone tumor. 

(2) The bone replacement filler material described in patent Claim 1 having 1, 2 or more 
holes and/or protuberances in its spherical or polyhedral surface. 

* 

3. Detailed Description of Invention 

This invention pertains to bone replacement filler material that fills in missing portions of 
bone in living organisms. 



After removing a bone tumor or other anomalous cells from a living organism, it is 
considered best to use one's own bone to fill the resulting section of missing bone. When the 
space to fill is such that one's own bone cannot be used, donor bone, frozen bone or acrylic 
cement have been used as substitutes. However, frozen bone and donor bone are not only in 
limited supply, they have not yet been approved in Japan. There are no problems of supply with 
acrylic cement, but it has no affinity with living tissue. For such reasons, the use of sintered 
alumina as an artificial bone replacement has been studied, but this has not yet reached the stage 
of practical use owing to its poor adhesion to living tissue. 

After examining the possibility of using various ceramics as a bone replacement material, 
the inventors discovered that sintered calcium phosphate not only caused no rejection reaction in 
living tissue, but it also had superior adhesion to living tissue. They also found that it can be 
worked into complex shapes. 

This invention was made possible based on the aforementioned observations, and it provides 
a bone replacement filler material characterized by having holes and/or protuberances along its 
surfaces which can be either polyhedral or spherical and made from sintered calcium phosphate 
for use as bone replacement filler material to replace portions of bone that are missing following 
the removal of a bone tumor. 

It is desirable to have the Ca/P atoms in the sintered calcium phosphate (A) used in the 
bone replacement filler material of this invention (hereafter abbreviated to "(A).") in a range of 
1.4 ~ 1.75. Even more desirable is to have the sintered material (C) (hereafter abbreviated to 
"(C)") composed of (85 - 99.5 wt. % (A) and 0.5-15 wt. % of the frit (B) shown in the table 
(hereafter abbreviated to "(B)"). A sintered material made of 77 ~ 97 wt. % and 3-23 wt. % 
Y2O3 also works quite well. Each of these has been disclosed in Japanese Unexamined Patent 
S55 - 56062 "High-Strength Sintered Calcium Phosphate Manufacturing Method," Japanese 
Unexamined Patent S55 - 140756 "High-Strength Sintered Calcium Phosphate" and Japanese 
Unexamined Patent S55 - 80771 "High-Strength Sintered Calcium Phosphate" respectively. 
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Each of the above sintered calcium phosphate samples has excellent affinity and adhesion with 
living tissue, but when they are used as a bone replacement filler material the shape is not 
necessarily limited to polyhedral and spherical shapes, so in order to improve both of the above 
characteristics even further and to prevent the shifting around of the filler material, it is possible 
to form multiple holes or protuberances in the surface while shaping them. 



This invention is described with reference to the embodiments below. 



Embodiment 1 

Commercially available compounds of H3PO4, BaCCb, CaCCh, MgC03 and AI2O3 were 
mixed by weight to achieve the following composition following baking (mol standard) P2O5: 
47%; Ba0 2 : 5%; CaO: 49.5% and A1 2 0 3 : 1.0%. This mixture was baked at a temperature of 1300 
°C and maintained for 5 hours to put it in a molten state and the molten mixture was quenched, 
producing the frit 1 . The frit 1 was pulverized using a Trommer device until the particles 5 [im or 
smaller constituted 40 wt. % and the frit powder thus obtained was mixed wet with a 
commercially available hydroxyapatite powder having an average granularity of 0.1 [im at a 
ratio of 5 wt. % to 95 wt. %, respectively, and then dried. As a binder, 3 wt. % camphor was 
added (in relation to 100 wt. % of the final, theoretical product) and, after drying, a sphere 
measuring 8 mm in diameter was produced using the rubber press method. Next, using an NC 
lathe, 12 1 mm X~2 mnfholes were made in the surface of this sphere in positions symmetrical 
to the sphere. Then, it was baked for an hour at a temperature of 1200 °C, resulting in a spherical 
filler material that had holes in its surface. This filler m at erial was im planted in the femur of a 
rabbit and removed 7 weeks later. When it was studied for possible harm to living tissue, there 
had been no foreign substance reaction and, bone formation at the periphery was observed, 
demonstrating that it was fulfilling its role as a filler material. 

Embodiment 2 

Commercially available compounds of CaC03 and H3PO4 were mixed by weight to 
achieve the following composition following baking: Ca / P2O5 mol ratio of 1.2. This mixture 
was baked at a temperature of 1300 °C and maintained for 2 hours to put it in a molten state and 
the molten mixture was quenched, producing the frit 2. The frit 2 was pulverized under the same 
conditions as Embodiment 1 . The frit powder thus obtained was mixed wet with a commercially 
available tertiary calcium phosphate powder having an average granularity of 0.5 ^im at a ratio of 
6 wt. % to 85 wt. %. Commercially available Y2O3 was added to amount to 9 wt. % and the 
mixture was then dried. As a binder, 3 wt. % camphor was added (in relation to 100 wt. % of the 
final, theoretical product) and, after drying, a equilateral octahedron measuring 10 mm on a side 
was produced using the rubber press method. Then, it was baked for an hour at a temperature of 
1200 °C, resulting in a regular, octah edral filler material. This octahedral filler material was 
implanted in the femur of a rabbit and it was found that it fulfilled its role as a filler material in 
the same way as Embodiment 1 . 

Embodiment 3 

Frit powder having the same composition as the frit 2 obtained in Embodiment 2 was 
mixed with commercially available tertiary calcium phosphate powder having an average 
granularity of 0.5 |im at a ratio of 6 wt. % to 85 wt. % respectively. Commercially available 
Y2O3 was added to amount to 9 wt. % and to these powders was added 4 times as much water 
(by weight) which was used to create a turbid mixture. This was poured into a gypsum mold and 
after leaving it for one day, the mixture was baked at a temperature of 900 °C and kept at that 
temperature for one hour. The spherical filler material 1 measurin g 8 mm in diameter having 
protuberances 2 like those shown the drawing was the result. When this filler material was 
implanted injhejen^.of a rabjbit,jt was found to fulfill the same role as the filler material in 
Embodiment 1 . 

As above, the filler material of this invention has superior affinity and adhesion with 
living tissue as well as superior shaping versatility, making it useful as a living tissue material. 



Furthermore, the filler material in this invention can be formed by not only the rubber 
press forming method and the casting method disclosed in the embodiments, but also metal die 
press methods, injection forming methods and many other conventional forming methods. 

And, in the embodiments, all of the implants were formed before baking, but for complex 
forms having both holes and protuberances in the surface, it would be desirable to work the 
objects further with a drill or lathe after baking. The sintered calcium phosphate constituting the 
filler material of this invention lends itself easily to forming processes of these sorts. 

4. Simple Description of Drawing 

The drawing shows a three dimensional rendering of one of the embodiments of the bone 
replacement filler material. 

2: Protuberances 



Patent Applicant: Shuji OGAWA, Representative [stamp] 
NGK Spark Plug Co., Ltd. 
14-18 Takatsuji-cho, Mizuho-ku, Nagoya 



Procedure Correcting Document (Voluntary) 
March 16, 1984 



To: Kazuo WAKASUGI, Patent Office Official 

1 . Disclosure of Matter 

1983 Patent Application No. 46775 

2. Title of the Invention 

Bone replacement filler material 

3. Person Making Correction 

Relationship to the Matter: Patent Applicant 

Shuji OGAWA, Representative /stamp/ 

NGK Spark Plug Co., Ltd. 

14-18 Takatsuji-cho, Mizuho-ku, Nagoya 454 

Tel.: (052) 264-4821 

Tokyo Contact No.: 440 - 61 1 1 

4. Matter to be Corrected 

Section(s) in the detailed description of the invention within the specification. 

5. Content of Correction(s) 

As attached. 



1. Line 6 on Page 7 of the Detailed Description /Translator's Note: Fragment in Embodiment 27 

The section "baked at a temperature of 1200 °C and maintained for 1 hour" shall be 
corrected to read "baked at a temperature of 1300 °C and maintained for 2 hours." 

2. The section from line 1 to line 14 on page 8 of the aforementioned document shall be 
corrected to read as follows. /Translator's Note: The last line of Embodiment 3 to the simple 
description of the drawings./ 

"was found to fulfill the same role as the filler material in Embodiment 1 . 
Embodiment 4 

A frit powder having the same composition as that in Embodiment 1 was wet-mixed with 
hydroxyapatite and dried. A plastic agent amounting to 2 wt. % and a resin amounting to 30 wt. 
% of the full amount (100 wt. %) of the final theoretical product was added to this and mixed and 
kneaded for two hours. A sphere measuring 5 mm in diameter having 1 mm X 2 mm 
protuberances in its surface was formed in a low-pressure injection molding device. Next, eight 1 
mm X 1 mm holes were drilled using a drill and the sphere was baked at a temperature of 1300 
°C and held for a period of one hour. This produced a spherical filler material that had both holes 
and protuberances. When this filler material was implanted in the femur of a rabbit, it was found 
to fulfill the same role as the filler material in Embodiment 1 . 

As above, the filler material of this invention has superior affinity and adhesion with 
living tissue as well as superior shaping versatility, making it useful as a living tissue material. 
Furthermore, the filler material in this invention can be formed by not only the rubber press 
forming method, the casting method and the low-pressure injection method disclosed in the 
embodiments, but also by metal die press methods, injection forming methods and many other 
conventional forming methods." 
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